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.0 ABSTRACT (continued froni, A. DD For,: 1/3)

3. cloning and DNA sequence analysis.
4" We have expressed the cDNA encoding different antigens of dengue-2 virus in E. coli as
fusion protein to -galactosidase. The regions that were expressed include the C-terminal portion
of E, NS1, NS3 and NS5.-These fusion proteins have been purified by affinity column
chromatography.Iihe purified protein was used to immunize rabbits to produce polyclonal
antisera.
5. The recombinant fusion polypeptides were analyzed by SDS -polyacrylamide for their sizes
and immunoreactivities with the polyclonal mouse ascites hyper immune sera, as well as, with the
monoclonal antisera against NS I and E.

-6. The fusion constructs expressing E and NS 1 were verified by DNA sequence analysis to
map the region which is fused with the reading frame encoding P-galactosidase.
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2.0 FORWARD

The investigators have abided by the National Institutes of Health Guidelines for research

involving Recombinant DNA molecules (April 82) and the Administrative Practices Suppliments,

as indicated in the Memorandum of Understanding and Agreement, approved by the Institutional

Biosafety Committee and N.I.H.

Citations of commercial organizations and trade names in this report do

not constitute an official Department of the Army endorsement or approval of

the products or services of these organizations.
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3.0 INTRODUCTION

Progress Report (September 15, 1986-September 14, 1987) can be divided into two major

sections, focussing on the overall goal of 1) determining the complete sequence analysis of dengue

virus genome and 2) the expression of the cloned genes, especially the surface glycoprotein E in E.

coli.

Section I: Characterization of the cDNA clones by Southern hybridization and DNA sequence

analysis were carried out. The primary sequence was compared with those of other published DNA

sequences of flavivirus genomes, such as Yellow fever virus , Murray Valley Encephalitis virus,

West Nile virus, Japanese Encephalitis virus. Four cDNA clones, pRP2, 505, A4 and B2 were

carried out

Section II: Expression of open reading frame DNA from pRP-2 encoding C-terminal region of

E and N-terminal region of NS 1, pVV1 encoding the N-terminal region of NS3, #505 clone,

encoding the C-terminal region of NS3 and the clone A4, encoding the NS5 protein were carried

out. The methodology used for expression, purification of the polypeptides fused to fP-
galactosidase and immunization of the rabbit with the purified proteins for polyclonal antisera will

be described under this section.

A ,. -1• ill ~ lll l ll [I



4

4.0 Body of the Report

Section 1: Characterization of the cDNA clones by Southern

hybridization and DNA sequence analysis

a. Rationale:
One of the overall objectives of the contract proposal is to sequence the entire dengue-2

virus genome. During the last ANNUAL REPORT [between September 14, 1985-September 14,
19861, the DNA sequence analysis of the regions defined by the clones pVV9, pVVI, and pVV 17

was carried out (Fig. 1). The region sequenced totalled 4600 nucleotides. The clones pVV9 and

pVV I overlapped by about 450 nucleotides, whereas pw 17 and pVV I did not. When the sequence

data was compared to that of Yellow fever virus genome, it was found that the composite sequence

of pVV9 and pVV1 spanned a region from the C-terminal NS 1 to the N-terminus of NS3.

However, pVV17 clone encoded a segment of the polyprotein from ns4b in the upstream region,

all the way upto N-terminus of NS5 (Yaegashi et al., 1986). Therefore, it was necessary to fill the
gap between pVVI and pVV17, as well as get the complete sequence of NSI. The sequence

analysis of additional cDNA clones and comparison of the sequence data with other flavivirus

genome sequences showed that the sequenced region mapped in the C-terminus of E glycoprotein,

all of NSI, ns2a, ns2b, NS3, ns4a, ns4b and upto 528 amino acids in the NS5 coding region.

The total region sequenced comprised of 7446 nucleotides which is about 74% of the viral

genome. This sequence data is reported here.

b. Experimental

1.Screening of Dengue-2 cDNA clones by Southern Hybridization.

During this period, many of the recombinant clones generated in our laboratory were further

characterized by Southern hybridization using specific probe. The probes used were chosen from
regions of DEN-2 genome which had already been sequenced such as pVV9, pVV 1, and pVV 17

cDNA clones. A new cDNA clone, pRP2, which was generated by Dr. Robert Putnak of Walter
Reed Army Institute of Research which mapped 5' to pVV9 clone (see Fig. 1) was also used as a
probe for Southern hybridization to screen the clones generated in our laboratory. The results of

the hybridizations are shown in Table I. We have identified among our clones those which

specifically hybridized to pRP2, pVV9, pVV1, or pVV17 probes which suggested the location of

these clones in the DEN-2 genome map (Fig. 1).

il i i l i i a: ii
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2. DNA sequence analysis of the clones pRP2, #505, A4 and B2.

The cDNA clone, pRP2 was generated by Dr. Robert Putnak of Walter Reed Army Institute of

Research using the oligodeoxynucleotide primer synthesized in our laboratory from the sequence
data of pVV9 cDNA clone. The sequence of the primer used is GTAGTCATCATCAAT which is

complementary to the dengue-2 RNA in the putative coding region of ns2a (from nucleotide

number of 572 to 586 in Fig.3 of Yaegashi et al., 1986). The cDNA clone pRP2 which is 2 kb
long was obtained. It was then subcloned into pUC18 plasmid, so that the inserts were of

amenable size for DNA sequence analysis. For example, the Barn HI fragment (500 bp), Eco RI

fragments (El and E2, 550 bp and 800 bp, respectively), and Pst I fragment (1 Kb) were cloned at

the polylinker site of pUC 18. pRP2 clone which is 2 kb long was also subjected to Bal-31

digestion to get sequential deletions from one end of the cDNA to get overlapping sequence data.

This approach has been used sucessfully in our laboratory and the sequence of pVV9, pVV 1 and

pVV17 clones were carried out by this approach. Dr.Putnak sequenced this clone by using

Sanger's didexy chain termination method and a few errors produced in each method were cross-
checked and corrected. Both strands of DNA were sequenced. The strategy used for this clone is

shown in Fig. 2. Similar approach was used to sequence the other three cDNA clones by
Maxam-Gilbert method.

Additional sequence analysis of cDNA clones, #505, A4 and B2 were carried out.

Hybridization data shown in Table I indicated that the clone #505 hybridized with both pVV 1 and
pVV17 clones. A4 is a -1.7 kb cDNA clone which hybridized with pVV17 (see Table I).

Similarly, B2 hybridized with A4 but not with pVV17. The order of the cDNA clone from the 5'

to the 3' terminus of Dengue 2 genome is pRP2-pVV9 (pVV18)-pVVI-#505-pVVl7-A4-B2.

Sequence analysis at the termini of A4 and B2 confirmed this order and revealed the extent of the

overlap. A4 overlapped to the extent of 1.1 kb with pVV17 and B2 overlapped with A4 about 100

bp. In addition, one terminus of B2 extends to about 220 bp 3' to A4. Sequence analysis of all

these clones revealed that a total of 7448 nucleotides formed one long open reading frame from

one terminus of pRP2 to that of B2 clone. The composite nucleotide sequence of all the

overlapping clones is shown in Fig. 3.

3. Amino Acid Sequence Deduced From DNA Sequence

The amino acid sequence deduced from the DNA sequence is shown in Fig. 4. The

composite nucleotide sequence of the clones which is 7448 bp gave one long open reading frame

which spanned the entire length of 7448 bp. This result suggested that all cDNA clones, pRP2,
pVV9, pVV1, #505, A4 and B2 are from the region of RNA which codes for a polyprotein

precursor from which the structural and non-structural proteins are processed (Rice et al, 1985).

I'I IH llI m



4. Comparison of NSl Among Various Flaviviruses.

a. Rationale.

NS 1, formerly called NV-3, is a virus-encoded, non-structural glycoprotein first described
as a soluble, complement fixing antigen in dengue-infected tissue culture supernatants and in the

serum of dengue-infected mice (Brandt et aL, 1970). In addition to its soluble form, NS 1 is also
expressed on the surface of the infected cells. NS 1 may play an important role in the immune
response to dengue virus infection since passive or active immunization can protect mice against
lethal viris challenge (Schlesinger et al.). This protection may be due to antibody-dependent,

complement mediated immune cytolysis of cells which express NS1 on their surface.

Understanding the structure and function of NS 1 is important to develop a effective vaccine

against dengue virus infection.

b. Analysis of NSI Sequences Among Different Flaviviruses.

Comparison of the primary sequence data for NS 1 from the various flaviviruses sequenced

to date is carried out by the homology matrix program of Pustell and Kafatos (1984) which is
commercially available from International Biotechnologies, Inc. (New Haven, Conn.). This
program reveals the degree of homology and the location of homologous regions between two

sequences by assigning the letters A to Z for values from 100-50% or to any minimum value

arbitrarily set (50% in Fig.5). The data shows that dengue-2 NS1 bears the strongest homology
with the corresponding polypeptides from dengue-1 and -4 and least homology with yellow fever

virus NS 1. The NSI polypeptide from Japanese Encephalitis (JE), Murray Valley Encephalitis

(MVE), West Nile virus (WN) showed intermediate homology with dengue-2 NS 1. NS 1 coding
region also contains the well-conserved signal sequence of the type Asn-X-Ser/Thr for
glycosylation which are marked by an asterisk in Fig. 3. In addition, a third potential N-linked

glycosylation site is located in NS 1 which is apparently not conserved. Other characteristic features

of the primary structure of NS 1 are as follows. There are 10 conserved cysteine residues, five of
which are clustered within a 50 aa stretch from aa 280 to aa 330 relative to the N-terminus of NS 1.

c. Hydropathy Plots of NS1 from various Flaviviruses

The hydropathy profiles of NS I proteins from various flaviviruses were compared. Fig. 6
shows the result. Plots show, at each point, the running averages of the hydropathic indices of 9

consecutive amino acids. Points above the line indicate hydrophobic and points below the line,
hydrophilic, residues (Kyte and Doolittle, 1982; Pustell and Kafatos, 1984 ). There is a striking

conservation of functional domains of NS 1 such as the C-terminal hydrophobic domain which
perhaps functions as a membrane anchoring domain of NS 1. The region of NS 1 plotted in this

'II ,1 I II.la!!



Fig. 6 is from amino acid residue 1-438 from the N-terminus of NSI. Fig.7 shows the

hydropathy plot of the entire region sequenced. There are several unique structural characteristics

of the polyprotein segment. First, the hydrophobic domain at the C-terminus of E glycoprotein,

which presumably serves as the N-terminal signal sequence for NS 1 (Rice et al., 1985). This

domain is highly conserved among the flaviviruses. The C-terminal hydrophobic domain of NS 1 is

followed by ns2a and ns2b which are also extremely hydrophobic and highly conserved, although

there is very little primary sequence homology. The coding regions for ns4a and ns4b are also

hydrophobic.

d.Homology of Polyprotein Segments between different Flaviviruses

Complete or almost complete nucleotide sequence of two flavivirus genomes have appeared in

the literature, that of Yellow Fever virus (Rice et al. 1985) and West Nile virus ( Castle et al.,

1986). Therefore, it was possible to compare the sequence of dengue-2 virus (New Guinea strain)

we have so far obtained with these two viral genomes using alignment program of Protein

Identification Resource system facility (Georgetown, Washington, DC).

DEN-2 vs WN: The amino acid sequence of the entire polyprotein segment of West
Nile virus has been published (Castle et al., 1986). Alignment of the corresponding region of

Den-2 sequence with that of West Nile virus polyprotein revealed the regions of the polyprotein

that are highly conserved among these two flaviviruses. In addition, it allowed us to map the

region of the cDNA clones which we sequenced. The alignment data is shown in Figs. 8-10.

The alignment is broken into three parts for convenience. The 5' most sequence of Den-2 virus

maps in the C-terminal region of E and contains 240 amino acids of this glycoprotein. Fig. 6

shows that there are many conserved regions between the two viral genomes in the NS 1 region,

although this homology is not perfect in the case of E, except in the C-terminal hydrophobic

domain which might have a common function. The least homologous regions between different

flaviviruses is the ns2a and ns2b, followed by ns4a and ns4b (Fig. 8). On the other hand, NS3

and NS5 show the highest degree of homology (Figs. 9-10).

Den-2 vs YF: Figs. 11-13 show the corresponding alignment data between Den-
2 and Yellow fever virus genomes. The homology between Den-2 and YF is less striking

compared to the pair of Den-2 and WN viruses. It is also evident from the homology plot by the

dot matrix program in the NS 1 region of the two pairs of flavivirus genomes (Fig. 5 ). This data

show that Den-2 is closer to WN virus evolutionarily than to YF virus. The putative cleavage sites

between th- viral polyprotein precursors are shown as curved arrows in Figs 8-13. These sites

are essentially conserved, indicating that in these flaviviruses, the protein processing occurs

through a common mechanism.

% Homology between DEN-2, YF and WN viruses:

From the alignment data shown in Figs.8-13, it was possible to calculate the % homology

between these three flaviviruses. The values were tabulated as the % of identical amino acids

within a coding region of a viral polypeptide (see Table 2). The results are consistent with the



homology plots using dot matrix program in the NS 1 region, as well as the alignment data between

the different flavivirus genomes shown in Fig. 8-13.

Section II: Expression of Dengue Viral Antigens In E. coli

a. Rationale

One of the objectives of the Contract Proposal is to express the dengue viral antigens in E.
coli to produce large amounts of the protein and to produce polyclonal antibodies against these

antigens. To meet the goal of the proposed project on time, we initiated the expression of the

different regions of the cloned cDNAs encoding different viral antigens. Since the clone pRP2

encodes the C-terminal domain of the glycoprotein, E, and all of NS 1, we used this clone for the

expression of these two viral antigens. We used the expression vector, pMR100 developed by
Rosbach ( ) to produce a fusion protein to E. coli P- galactosidase. The advantage of this system

is that it is easy to screen the recombinants containing the expressing region fused to the protein
coding region of P-galactosidase. The transformants are grown on an indicator plate containing

McConkey agar in the presence of an inducer such as lactose, because the hybrid gene encoding a

segment of dengue viral antigen and the [3-galactosidase is placed under the control of lac

promoter. The clones which are expressing the fusion protein are seen as red colonies. Another

advantage of this system is that the fusion proteins can be purified by an affinity column in two

steps to near homogeniety.

b. Experimental

1. Expression of E and NSI epitopes

The strategy used for expression is shown in Fig. 14. The vactor pMR100 tandem copies

of lac promoter, a polylinker cloning site and a complete coding sequence of 3-galactosidase.

pMR100 is an out-of frame expression vector, so that no P3-galactosidase is made from the E.

coli strain LG90 transformed by this plasmid. pMR200 is an in-frame expression vector and

active enzyme is made from the transformed cells. An insertion of an open reading frame DNA
can restore the reading frame of 3-galactodsidase in pMR100 and produce an active enzyme in a

theoretical frequency of 30%. First, pRP2 clone was digested with either PstI or HindIllI and the

DNA fragments were purified on a gel It was then treated with the exonuclease Bal31 to randomize
the ends so that about 30% of the DNA molecules will be able to restore the reading frame of [3-

galactosidase in pMR100. Transformation gave rise to several red colonies which were picked

and screened by restriction enzyme cleavage, as well as by SDS- 10% polyacrylamide gels to

detect the synthesis of fusion protein. The region of Den-2 RNA chosen for expression (Hindll or

PstI fragment in Fig. 14) contains the coding sequence for both the C-terminal E glycoprotein and

,->J.'J
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.he N-terminal NS 1. Therefore, if the Bal31 digestion was not extensive, the fusion construct is

likely to have the coding sequences for both the antigens.

2. Immunoblots of fusion constructs containing E and NSI epitopes

Five red colonies were analyzed by SDS-PAGE and Western blots using the polyclonal
hyperimmune mouse ascites fluid raised against the dengue-2infected suckling mouse brain
homogenate, polyclonal anti-p-galactosidase, monoclonal anti-E antisera (4G2) or the monoclonal

anti-NS 1,3E9. SDS-PAGE showed that the sizes of the fusion proteins were slightly smaller
than the 3-galactosidase marker, although the recombinant expression plasmid had cDNA inserts,

suggesting that the fusion protein had undergone degradation to a more stable limit product in E.
coli. The levels of these limit products were very high. In order to test whether these fusion
polypeptides have the epitopes recognized by the dengue viral antigen-specific antibodies or the
polyclonal anti-p-galactosidase antibodies, Western blot analyses were carried out.

Fig. 15 shows the Western blot in which the polyclonal anti-p-gal antibodies were used.

Lanes 1-5 contained clones, #3, 8, 10, 16 and 3R expressing fusion proteins which had undergone

degradation to a stable limit product. Lanes 6-8 show the P-gal marker protein Lane 9 contained
an extract from clone 16. This result showed that the fusion protein contained the epitopes of 3-
gal as expected. Next, these fusion proteins were reacted with the monoclonal anti-E antibody,

4G2 (Fig.16) All the fusion constructs reacted with this antibody (lanes 3-7), although there was
some non-specific reaction because [3-gal also showed some reactivity (lanes 1,2,8 and 9).

However, these clones did not show any reactivity towards 3H5, a different anti-E monoclonal

antibody (Fig. 17). When these fusion proteins were reacted with the anti-monoclonal NSI
antibody, 3E9, (Fig. 18), only four fusion proteins, clone 8 (lane 4), clone 16 (lane 5), clone
3R (lane 6), and clone 3 (lane 7) reacted. Clone #10 did not react with this antibody. This
monoclonal also showed some non-specific reactivity against P3-gal protein (lanes 1,2, 3, and 9).

Fig. 19 shows the immunoblot in which the polyclonal mouse hyperimmune ascites fluid was

used. Only the clones 3R and 16 showed positive signal (lanes 3 and 6). It is rather surprising

that the polyclonal reacted with only two clones, whereas the NS 1 monoclonal reacted with four

clones and E monoclonal reacted with all five fusion proteins. Further analysis with these
monoclonals are necessary to confirm and explain this observation. It is possible that reactivity

with these monoclonals may not .e specific.

3. Purification of fusion proteins by affinity chromatography

The fusion proteins containing E and NS 1 epitopes were purified by affinity chromatography

using p-aminopropyl 1-thio-o-D-galactopyranoside covalently linked to agarose as the affinity

matrix (Sigma Chemical Co.). The E. coli cell lysate containing the fusion protein was partially

fractionated by ammonium sulfate precipitation (50% saturation). Subsequent to a dialysis step to
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remove ammonium sulfate, the proteins were passed through an agarose affinity column as

'described ( Germino et al., 1983). SDS-PAGE analysis of the affinity-purified fusion protein

showed that it was greater than 95% pure (see Fig. 20, lane 4 and 8). Lanes I and 5 contained the

size markers, lanes 2 and 6 contained partially fractionated fusion proteins 3R and 16, respectively

before passing through the affinity column, and lanes 3 and 7 contained the pass-through fraction

from the affinity column. The affinity-purified proteins 3R and 16 were used to immunize rabbits

to produce polyclonal antisera against the putative E and NS 1 epitopes present in 3R and 16

proteins. A high titer polyclonal antisera against the fusion protein from clone 16 has been

obtained.

4. DNA sequence analysis of the E-NS1 fusion constructs

In order to determine the exact region of E and NS1 inserted into pMR100 vector to give rise to

expressing clones, it was necessary to carry out DNA sequence analysis of the dengue-2 cDNA

inserts after releasing them from pMR100 vector. The inserts were released by digesting with

BamHI, 3'-labeled and sequenced after cutting with a second restriction enzyme. The sequence

analysis was carried out by Maxam-Gilbert method. From the nucleotide sequence the amino acid

sequence of the coding region for the dengue antigen was deduced. They are shown in Fig. 21.

The hydropathy plot of the region of E and NS1 present in 3R and 16 shows that there is a strong

hydrophobic domain present in this region (Fig. 22), which might explain the instability of this

region when expressed in E. coli.

4. Expression of N-terminal segment of NS3 protein in E. coli

Similar approach was taken to express the N-terminal region of NS3 protein of Dengue-2

virus. pVV1 clone (see Fig. I for the location of the cDNA with respect to the viral genome),

which contained the coding sequence for the N-terminal region of NS3 polypeptide was digested

with PstI to release a 1.4 kb insert. It was then digested with XhoI to give rise to a 0.9 kb and a

0.5 kb fragments which were separated by electrophoresis on agarose gel. Each fragment was

individually digested with Bal3l and cloned at the SinaI site of pMR10O (see Fig. 14). Red

colonies were picked and analyzed by SDS-PAGE and Western blotting technique using the

polyclonal anti-p3-gal or mouse hyperimmune ascites fluid antibodies. The results are shown in

Figs. 23-25. Fig. 23 shows the SDS-PAGE analysis of the red colonies picked from

McConkey agar plates. Lanes 1 contained the size markers, and 2 &8 contained the control cell

extract from E. coli LG90 transformed by pMR200 vector alone. The band shown by an arrow in

this lane is the 116kDa P3-galactosidase. Lanes 3 and 4 are clones generated from the 0.5 kb

Xhot-PstI fragmentand the lanes 5-7, and 9&10 contained the clones 3,4,5,6 and 7 respectively,

generated from the 0.9 kb XhoI-Pstl fragment by Bal 31 digestion. Fig. 24 shows the Western

blot of the same type gel containing the samples applied in the same order. The antisera used was

the polyclonal anti-3--galactosidase antibody. It can be seen that lanes 3-7 and 9 & 10 all contained
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fusion protein top-galactosidase and hence larger than the parent protein in lanes 1,2 and 8. Fig.

25 shows the Western blot of the expression clones [ see lane 3 (clone PM 1), lane 4 (PM2), lane

5 (PM4), lane 6 (PM5), lane 7 (PM6), and lane 8 (PM7) ] all react with the polyclonal mouse

hyperimmune ascites sera.

5. Expression of C-terminal domain of NS3 in E. coli.

Similar approach was taken to express the C-terminal domain of NS3 in E. coli. The cDNA

clone #505 was digested with EcoRI which cleaves at nucleotide no. 3948 and 4675 of the

composite sequence shown in Fig. 2 (see also for the location of EcoRI site) and the EcoRI

fragment was digested with Bal 31. Another cDNA clone A4 (see Fig.1) which contains the

coding sequence of NS5 was first digested with PstI to release the 1.7 kb cDNA insert

subsequently digested with Ndel to give rise to two fragments about 700 bp and a 1 kb fragments.

In addition, the 1 kb fragment was digested with Accl and EcoRI to get a 400 bp fragment. The

DNA fragments were purified by agarose gel and subsequently digested with Bal 31. The Bal 31

digests were then ligated to pMR100 at SmaI site.Several red colonies were screened for inserts

and for fusion protein by SDS page as shown in Fig. 23. Fig.1 shows the location of the

various expression clones with respect to the cDNAs #505 and A4. Fig. 26 shows the Western

blot of the clones generated from this experiment. Lane 1 contained the control pMR200-

transformed E. coli LG90 extract. Lanes 2-10 contained EBII-12 (from #505, C-terminal NS3),

NBIV-5, NBIV-8, AEI-12, AEI-18, AEI-21, AEII-32, AEII-33, and AEII-34, respectively.

Several fusion proteins were made in E. coli but they undergo degradation to limit size similar to
that of 3-galactosidase. Fig. 27 shows another Western blot containing additional clones

screened using anti--gal antibody. Lane I again contained the control as in Fig.26, and lanes 2-

10 contained the clones NBIV-7, NBIV-10, AEI-17, AEI-19, AEI-20, AEII-25, AEII-28, AEII-

30, AEII-31, respectively. It is seen from these experiments that the fusion proteins expressed
from this region of NS3 and NS5 were unstable in E. coli and underwent degradation. We wanted

to investigate whether the degradation of the fusion proteins could be prevented by expressing

these clones in E. coli JM 109 in which lac promoter is tightly repressed by laciq mutation causing

an overproduction of lac repressor. Therefore, the expression of fusion proteins can be controlled

by the addition of the inducer IPTG. Fig. 28 shows a Western blot of the expression clones,

lanes 2-10. The level of expression of a selected few were compared in E. coli LG90 and JM 109.

Lanes 2-4 contained the the clone EBII-12 in LG90 (lane 2), JMI09 in the absence or presence of

IPTG(lanes 3 and 4). The clone AEI-18 in LG90 (lane 5) or JM109 in the absence or presence of

of IPTG (lanes 6 & 7) was also examined. Lanes 8 and 9 contained the control transformants

obtained with pMR100 and lane 10 contained LG-90 transformed by the clone AEII-27. The

results show that transfer of plasmids to JM109 had no significant effect on the degradation,

suggesting that this regions might be inherently unstable in E. coli. The expression clone EBI-12

(Fig.26, lane 2), and AEII-32 (Fig. 26, lane 8) were chosen for further purification and

characterization. Western blot using the polyclonal mouse hyperimmune ascites fluid showed that

these two clones were immunoreactive (data not shown).
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Legend to Figures

Fig. 1: The map of the region sequenced indicating the location of the various clones either

isolated in our laboratory or at WRAIR (pRP2). The terminus of pRP2 at the left extreme includes

240 amino acid coding region of E glycoprotein. The clone B2 maps about 526 amino acids into

NS5.

Fig. 2: The strategy for sequencing pRP2 clone. The dotted arrows indicate dideoxy

sequencing method used for sequencing and solid arrows indicate Maxam-Gilbert method. The

arrowhead indicates the direction of sequencing and the length of the arrow indicates that of the

region sequenced. The letters over the horizontal lines denote the restriction enzyme cleavage sites

on the cDNA coding for NS 1. B=BamHI; E= EcoRI; P= PstI; H= HindlII;

Fig. 3 : The composite sequence of several clones sequenced. The total length is 7448

nucleotides.

Fig. 4: The amino acid sequence deduced from the nucleotide sequence. There is one long

open reading frame for the entire length of the region sequenced.

Fig.5: Homology of NS 1 region among various flaviviruses. The dot matrix program of

Pustell and Kafatos (1984) was used. The amino acid sequences of NS 1 from Yellow fever (Rice

et al., 1985), Dengue 1 (Dr. Peter Mason), Dengue 4 ( Dr. Lai ), Japanese Encephalitis (McAda et

al., 1987), Murray Valley encephalitis, MVE (Dalgarno et al., 1986, West Nile fever (Castle et al.,

1986), The minimum homology value for these plots is arbitrarily set at 50%. The degree of

homology is indicated by letters A-U. The assigned range in this case is 3. The amino acid residues

are evaluated in overlapping groups whose size is set by the variable (range), which is the number

of residues on either side of the central residue included in the group.

Fig.6: Hydropathy profiles of the NS 1 proteins. Plots show at each point, the running

averages of the hydropathic indices of 9 consecutive amino acids. Points above the line indicate

hydrophobic and points below the line, hydrophilic residues (Kyte and Doolittle, 1982; Pustell

and Kafatos, 1984). YF, yellow fever; Den-1-4, dengue-1-4; JE: Japanese Encephalitis; MVE:

Murray Valley Encephalitis; WN: West Nile fever virus.The region of NS 1 plotted in this diagram

was from amino acid residue 1-438.

Fig. 7: Hydropathy profile of the total amino acid sequence shown in Fig. 4.

The parameters chosen were the same as described in Fig. 6. The total amino acid sequence of

deduced from all the cDNA clones so far sequenced is shown in Fig.4.

.;, ir
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Fig. 8-10: Alignment of Den-2 sequence with WNV in the corresponding region.The

alignment program of Protein Identification Resource System Facility (Georgetown, Washington

DC.) was used.

Fig. 11-13: Alignment of Den-2 with YF. Same as in Fig. 8-10, except that Den-2 and

YF were compared.

Fig. 14: Strategy for expression of Dengue-2 open reading frame DNA.
The pMR100 vector is an out of frame vector which makes no detectable level of 13-

galactosidase in E. coli transformed by this plasmid. However, when a open reading frame DNA

whose ends are randomized by Bal 31 digestion is inserted into the polylinker site in the vector, the

frequency of restoring the reading frame of the vector theoretically becomes 30%. The expressing

clones are selected by plating the transformants onto a McConkey agar plate.

Fig. 15: Western blot of the expressing clones.

The clones were grown and the bacteria were lysed and loaded on a 10% polyacrylamide gel

and electrophoresed. The protein bands were transferred to a nitrocellulose filter paper and blocked
with milk and reacted with first the primary antibody (anti-p3-gal in this case), followed by a

second antibody conjugated to alkaline phophatase. The latter was detected using a chromogenic

substrate.

Fig. 16: Western blot using monoclonal anti-E antibody (4G2).

The conditions were the same as in Fig. 15 except the primary antibody is different.

Lanel=pMR200; lane 2= pMR100; lanes 3-7, clones 3R, 3, 16, 8, 10; lane 8=pMR200; lane
9=purified V-gal; lane 10= size markers.

Fig. 17: Western blot using monoclonal anti-E antibody (3H5).

The conditions were same as in Fig. 16, except the monoclonal antibody was 3H5 which is

specific to a different epitope of E glycoprotein.

Fig. 18: Western blot using anti-NS1 monoclonal antibody (3E9).

The conditions were same, except that the anti-NS 1 monoclonal was used. lanes 1-9 contained,
pMR200, purified O-gal from pMR200-transformed cells, E. coli extract transformed by

pMR100, clone 8, clone 16, clone 3R, clone 3, clone 10 and pMR200 control.

Fig. 19: Western blot using polyclonal mouse hyperimmune ascites fluid
The lanes 1-8 contained, 13-gal, clone 16, clone 10, pMRlOO, clone 8, clone 3R, clone 3,

pMR200.

----------- i.

[ , n n n []• • llmln n umll l I l n



14

Fig. 20: Purification of fusion proteins from 16 and 3R using affinity column
chromatography.

The affinity column matrix was p-aminopropyl-l-thio-13-D galactopyranoside (Sigma

Chemical Co.). The E. coli cell extract was prepared and partially purified by ammonium sulfate

precipitation. It was then passed through an affinity column and eluted from the column using a pH

10 buffer. Lanes 1 and 5= size markers, lanes 2 & 6, ammonium sulfate fraction; lanes 3 & 7 pass

through fraction; lanes 4 & 8 = the column purified material; lane 4=clone 16; lane =clone 3R.

Fig. 21: Deduced amino sequence of fusion protein from E and NS 1.

The cDNA insert into pMR 100 to give rise to a fusion construct which express a limit product

in E. coli was characterized by DNA sequence analysis to determine the length and amino acid

sequence of the portion of dengue-2 E and NS 1 antigernic domains.

Fig. 22: Hydropathy profile of the E and NS1 fusion polypeptides
The two expressing clones 3R and 16 which presumably antigenic region of E and NS I fused

to P3-gal was analyzed for their hydrophobicities. There is a prominant hydrophobic region in each

expressing clone which might be contributing to the instability of the fusion proteins which got
degraded to a limit size.

Fig. 23. SDS-PAGE analysis of NS3 Expression clones.

The NS3 region was expressed in pMR100 vector as described in the text. The clones were

analyzed by SDS-PAGE. Lanes 1-10 contained protein size markers, pMR200 extract, clones

PMI-NS3, PM2-NS3, PM3-NS3, PM4-NS3, PM5-NS3, pMR200 extract, PM6-NS3, and

PM7-NS3, respectively.

Fig. 24. Western blot of NS3 expression clones using polyclonal anti- O3-gal

antibody

Western blots were carried out as described in Fig. 15. Lanes 1-10 contained, protein size

markers, pMR200 extract, PMI-NS3, PM2-NS3, PM3-NS3, PM4-NS3, PM5-NS3, pMR200
extract, PM6-NS3 and PM7-NS3, respectively.The fusion protein migrates slower than the P3-gal

band in lanes 1,2,and 8.

Fig. 25. Western blot of NS3 expression clones using polyclonal mouse
hyperimmune ascites fluid.

Western blot was carried as described before. Lanes 1-9 contained pre-stained protein size

markers, pMR200 extract, PMI-NS3, PM2-NS3, PM4-NS3, PM5-NS3, PM6-NS3, PM7-NS3,
and 3-gal (purified from pMR200 transformed E. coli).
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Fig. 26. Western blot of NS3 and NS5 expression clones.
Western blot was carried out as described in Fig. 15. The antibody used was anti-3-gal

antibody. The lanes 1-10 contained the extracts from fusion constructs, AEII-34, AEII-33, AEII-
32, AEI-21, AEI-18, AEI-12, NBIV-8, NBIV-5, EBII-12 (NS3 region), and 13-gal control,

respectively. NB and AE refer to the fragments generared from NS5 coding region by NdeI-PstI

(1 kb fragment ) or AccI-EcoRI double digestion of A4 cDNA clone of Den-2.
Fig. 27. Western blot of NS3 and NS5 expression clones.
Western blot was carried out as described in Fig. 26. The lanes 1-10 contained the extracts

from the fusion constructs (all from NS5 coding region), AEII-31, AEII-30, AEII-28, AEII-25,
AEI-20, AEI-19, AEI-17, NBIV-10, NBIV-7, and 13-gal from pMR200 extract, respectively.

Fig. 28. Western blot of NS3 and NS5 expression clones in LG90 or JMI09.
Anti-P3-gal antibody was used. The expression plasmids from NS3 and NS5 regions were

transferred from the original strain of LG90 to JM109 in order to compare the stability of the

fusion proteins expressed from these two strains by Western blot. The lanes 1-10 contained

extracts prepared from E. coli transformed by the clones, AEII-27 (LG90), pMR100 extract from

JM109 transformed cells (-IPTG, white colony), pMR 100 extract from JM109 transformed cells (-
IPTG, red colony, possibly a revertant), AEI-18 (JM109, +IPTG), AEI-18 (JM109, -IPTG), AEl-
18 (LG90), EBU-12 (JM109,+IPYG), EBII-12 (JM109, -IPTG), EBII-12 (LG90), and 13-gal

control, respectively.
Legend to Tables

Tablel. Southern hybridization of cDNA clones using specific probes.

Den2 cDNA clones isolated in our laboratory were screened using the well-characterized

cDNA clones, pRP2, pVV9, pVV1 and pVV17. A + sign indicates a positive signal. From this
result, clone #505, A4 and B2 were picked for sequence analysis.

Table2. Homology between Den2:YF and DEN2:WNV

The values are expressed as % calculated from the number of identical amino acids and the total

number of amino acids present in a particular coding region. The coding regions are indicated by

bent arrows in Figs. 8-10 for the various structural and non-structural proteins. The partial coding
region for E was not taken for the homology index; however, the partial coding region for NS5
was taken because we have sequenced a portion of it.
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241 '-T7:A T -A -,r2A: G , AAAAA:'--A _-ATf7C:AZ:A3'_:-

42: AG'17CA± 2 AA ATG A: :.3AGACAACA A TGAG 311A 3 ]A 3 A- ~31''
4: ; I GT 3ACA -A 3 CT'3GG3ATT 7,33Acu' TG..GAG 3A3~ - -' _AA' ,'
~41 A T2'A2CAA G ,- G G A GC 4AA33 G _' 3C T:7-A i,1 A G-'.-

~1AAAAT27 4 A TA3TCAT .:ATCACA713 AA3 3AA?GA .:A'
6 1 T'- ,T tTTC A'- IAGTAT:,3 37 3GGAGT'GT:G A C13:;AT:T :3-A' A; .3

12:1 ';A1.A'G' 3,7 G ~CG TTGr3(-AG CT &GAY-AAAC AAAGA-AC76A A3 T33!- A,.: T, -3,3

fl1AIC ACAGACA ACGTGCA-AC A-rGGACAGAA CAATACAAGT ?CA~A-
P41 AAAC-,AG CT -CA I :ATCCA GiAAAGC T CAT GAAGA~kG -'A T '_G"G l
~1 A; -AA GA C - 3 G AAAA T2CTGAT 3"TGGAAACAA ATAACACCA3 t-.A -IAA - -'AA,

1h 'SAAAATU AGG 7 6A AG T 7 A,, TATTAT.GACA GGAGACATCA AAC3AAIPAT A
l'"I AAA (G ATT C "F( rCA G CA G OA C:3A,,3_ 2TG AAGTh 7AT 3 AA.

Ir~ (jICCAAAA7Z(' -_ CTCT ACAGA GT CA TAA C CAGA.CC:'TTT :7'- AT i AA-',4'
11 41 (GCAGAATf;CC CAA,-_ACAA-A CAGAGC:TIGG AATTCGC-6G 7~A

. .01 CGjAGTATTCA CCACCAATAT AT3G(2 rAAAG3 TTGAGA!]A.Ai AGu* 6 T A
1: I~ TC'AAAA,_TCrA TGT1CA'3CG'3C_ JATAAAAGAC AACAG.,G,_.- -I1. AT- i..
1U 1 Tr;ATAO;AAi, GT'3CAC:TCAA TGAC__ACATGG AAGATPA'AGA AA. r ''

SI AAAAGCI C ACTGGCCAAA GTCAC-ACACC _-TCIGGAG Ii F, ;A
1 441 ATGATAA-,?C I-AAAGAid'T C'X',TG:]ACCA GTGTCACAAC A.
I~, CATACACAAA CAG C A3(IA CC ATC GCATCIA C3GTAAGCCT-T A _; ! 1 1TCk
V, G. 1 UAAGGAA' JCA '_AcG3T; _;T GACTIGAGGAC TGTYGGAATA T~

IVS1ACATJ''CGGAAAAC T CA f£AA C iGAA TGG- C G T A 'L!' t_ A tV
I f I C'MAGA IArA (3AC( TGAACA &G AT6-TGAG 1A('GGC-AT 363 AA~A A~
1','4 1 AAAGAAAA. ATT FGGTC'AA CTCTGCACAGC A1GAC 3u- 1 A
I o~( I '1'('A(TAG ;AGi 1CTT3GGAAT (GGC'ATTGTTk:C CTAG liA A A_C 'X. L,CA
1 1 Af'C(;AAA(CA1G CAATAC'iACT A,-'f T,_1C AG IT TCT_'l F6,'G. 6 T2 .~V~A "'
I I~ :'(:TTk A(C'I'GGAAGAG cTG A T G G ATCGT.;AGCG _'T AA~ C

I > (TTG(CTi.AC FTATCT T: 3C CA CT A :AC AG~ TC ?C. AAC1 C(_A6AC .,AA,- A 'A
0i .1 (;c'rj; ACTA:i,' 1CTTGAGAAA G T T GAC-',T% AAGGAA IIArx~~r:CAi

1(;CricTTCCC,'AICAC. CAT ACCAGAG ACCATIC'iTC, LAACT6 AT TU i k
J1f 1'i G;A A TtIGTTcTITAA A AT G(GT GA GA AAA/A.TGAAA AGTATC:,tA IT CC __TG

I:X ATI'CATGG'CTA rCT-?tA'TGCGT CC.,CAAA GCA :;PGATAT A,' AAA,_C(CATA AA
;!.Q TI'A('AATAT T11-1 G3G GTCcGTTTi..C CCA-C1TTTCT' 'AACAT A K'i /(',-A

41GAAT;ATACCAT PAGC A TT GA C (,A IC A A GGT (T! A ATCCAA AG 7-i IllT
lul ACAAiXCTTT1 CAAGAACCAA CAAGAAAA-3G AGCTGGCCAC_ 'YAAATGI(,i]3: Ti.1 &1AT6

1::4L I GTC.G T1;FAGCATTTT GGCCAGTTCA CT( _ CTAAA3A ATUACA7 h/
:T2 CAT 1'AGTGCA CTGG3AGGGCT CCTiCACTGTG rGC TACGCGC TCACq Gutr t, A

':t8 1 'r'GGAACTGGd AGAG;A!CCGC C(GATFG'CAAA T GG G AAG.A TC AG GC AC , ,tiA PT:_' ', i
6 4 1 AGTCC'AAT(CC TGTCAATAAC AATATCAGAA GATG';TAGCA T6TCGAA A/ AAi. CCAA'Af_;

Yo GAAGAACAAA CACTGACCAT ACTCA1 CAGA AC AG GA TJ C TG3GTGAT %T,' i%-1A "'I1
/t31CTGTATCAA TACCAATCAC i.-GCAGCAGCA TGG- A1'(:CIJI' 'A1GAI, TfG.A 11_AA I

2~:I c;CTUGGrAT 'rGrGGYGATGT C, CTTCACCC__ CA 'CCGCT, G ;tAAAAGGACTAA A
L i (;GAGCCTATA GAATCAAGCA AAAAGGGATT C2TTGfC-ATA IT1 fCCCAGATcAC_* AG'_

:-"J4 I FACAAAGAAG GAACAT'rCCA TACAA7IGTGG CATG CACAC C22uil C c PGT7TAP; IV
01AAAGGAAAGA t3GATTGAACC ATCATGGGCG lC;-ACG TAAGA AAGAC JTGI u'. 7112A

io6~ I GGAG3GCTGGA AGCTAGAAGG AGAATGGAA'2 GAAG-G3AGAAG AAGTCC'G'1. C' T -~ ATT
,i 12 1 ;AGCCTGCAA AAAATCCAAG AG3CCGTCCAA ACAAA-ACCTG GTCTTTTCAA AACCAA'WAC'T__
3181 GGAACCATAG kGTGCCGTATC TCTGGACTTT TCTCCTGG3AA CC7 CAGGATC CCA2~
-'4 1 GACAAAAAAG1 GAAAAGTTG I GGGTCTTTAT GGTAVATGGTG T T i3TT7AC1AC_ GA 31C AG 'A

3', '1 rATGTGAG IGCTATAGCCCA GACTGAAA-AA AGTA? TGAAG AC-AATC 'AGA C3ATC-GAAGA-1
3.361 GACATIrTTTC GAAAGAGAAA ATTGACCATC ATGGACcTCC ACCCAGGAGC G..GGAAAGACYA
.342 1 AAGAGATACC TTCCGGCCAT AGTCAGAGGG GCTATfiAAAt: 3G3G GG-G GACATTAAT:_
3 4'3 1 CTGGCCCCCA C TAG AGT C JT GG'CAGCTGAA ATGGAGGAAG C __CTAA ..A3!i AC-TTC JAATA

5 41 AGATACCAAA CCCCAGC CATA CAGACTGAG CACACCGGGC: 'GGAGA1 T13? G-3ACCTAATG
JSCIIJI'. XCCA CATI CACTAT GAGGCTGCTA TCACCAGTTA GAGTGCCAAA T'1ACAACCTG.

36681 A'rCATCATGG ACGAAGCCCA TTTCACAGAC CICAGCAAGTA TAGCGGCTA,3 AGGATACATC
3721 TCAACTCGAG TAGAGATGGG TGAGGCAGCT GGGATTTTCA TGACAGCCAC TCCTCCGG('GA

.3?31ACCAGAGACC CATTCCTCA G3AGCAATGCA CCAATC'ATG" AT'3AAGAAAG AG-AAA~ccCT
318341 GAACGTrCGT G,3AGTTCT(;G ACATGAGTGG GTCACG 3ATT TATAAA1]GGA.A AAC TTTGG
3 1) 01 T r cTo rCAc GTATAAAA3C AGGAAATGAC ACAGCAG'CT7 G"-~A A G-2A AGA 37

.AAA,'oA-1:C , A T: -'A.) GC 3 A:'-A C .: ."AT



J721 TCAAC'fCGAG TAGAGATGGG TGAGGCAGCT GATTT:2A TGA(CAGCCA: CCTCA
3781 AGCAGAGACC CATTCCCTCA GAGCAATG(CA CCAATCATGG ATk.,AAGAtiAQ,; A(:A-ATA>.T",-
3841 GAACGTTCGT GGAGTTCTGG ACATGAGTGG G3TCACG3ATT TTAAAGGGAA iOACT(,TT'TGG
3901 TTCGTTCCAA GTATAAAAGC AGGAAATGAC ACAG CAGC'rT G OCTGAG AAA ,M4A rGGAA.,lG
'3 9 61 AAAGTGATAC AACTCAGTAG GAAGACCTTT GATTCTGAGT ATGTCAA'6AC_ TAGAACCi-AT'
4021 GATTGGGACT TCGTGUGTCAC AACTGACATT TCAGAAATGG GTGC.CAACTT CAi GGCT'.A0
4031 AGGGTTATAG ACCCCAGACG CTGCATGAAA CCAGTTATAC TAACAGAI'GG TGAAGAGCGG
4141 GTGATCCTGG CAGGACCTAT e-CCAGTGACC CACTCTAGTFG CAGCAC-'AAAG AAGAGGJGAGA
4201 ATAGGAAGAA ATCCAAAAAA TGAAAATGAC CAGTACATAT ACATG;GGGA ACCT CTGGAA
42-61 AATGA'TGAAG ACTGTGCACA CTGGAAAGAA GCTAAAATGC TCCTAGATAA CATCAACACAc
41321 CCTGAAGGAA TCATTCCTAG CATGTTCGA CCAGAGCGTG AAAAGGTGGA TGCC:ATTGMI
4381 GGTGAATACC GCTTGAGAGG AGAAGCAAGG AAAACCTTTG TGGACCTAA T 6,At A A3 (",A
4441 GACCTACCAG TCTGGTTGGC CTACAGAGTG GCAGCCGAAG GlCAT(CAACTA C GCAG tC A _1A
4501 AGGTGG TGTT TTGATrGGAA T TAAGAACAAC CMAATCTTG-'G AAJAAAATG f -30A(3C PGGA,_
4561 ATCTGGACAA AAGAAGGGc'.A AAGGAAGAAA TITAAAACCCA GATGGTT&3A ?:CATi
4621 TACTCTGACC CACTG(GCGCI AAAGGAATTC AAGGAG'TTO CAGCTGGAAG AAAUCC 7
4681 ACCCTGAACC TAMTCACAGA AATL3GGTAGG c'rTCCAAC-TT TCArIGAC'rcA GlAA'i C A A G
4741 GACGCACTGG ACAACTTAGC AOTGCTCCAC ACGUCTGAAG CAGG,.AGtCAAG GGCG T ACA A
4801 CATGCTCTCA GTGAACTOCu GGAGACCCTG GAGACATTGC TTTTAC"GAC ACTTC 30C
4661 ACAGTCACAG GAGGAATCTT P'TTATTCTTG ATGAOG207AA GCGGOTATA® .23'AAO'AT(_AAC
4921 CTGGGAATGT GCTGCATAAT CAC:GGCTACT ATTCTCC-TAT G( *TACGCAA A,' Ai.A('(.',-
4981 CACTGGATAG- C-A(3CTTCAAT AA"IACTGGAG T'?TTTTCTICA TAG TTf -',-' TAT~A
50411 CCAG.AAAA('C* AUAGAAK:AC : CC!AAGATAAC CAATTGACCT A,'-G(,3a G TAG LA
5101 ACAGTrGCTGG CCGCAAC '2A'l GGk2AAACGAG ATC;-7G G TTTC C TGAAAit A' il G A 1i

5161 (CTCGGATTGG GAGCATTAC- AA2_C _AG _AiA 'COAGAGCA AC --A *"CCIGUA LAT ' i/-;i I~ 'T
5 22.1 C-GT'OCC-GCAT CAGCATtGGAC G CTOjT A'7CCT 2 OTGGCCACAA Ci 'TlCTCAC C AS T I
5281 AGACACAGC'A TTGAAAATTC_ CTCAGTGAAC GTGTCCCTAA 'AtzC' A T F " C
5 34,1 ACAGTGTTAA TGk*'GTCTTGG (JAAA(GGATGG CATTOTCAA AO ATGGACAT CGGAG'TTC'C
54101 CTTCTC('CCA TTGGATGCTA C-TC-ACAAG3TC AACCCCATAA CTCTCACA6C FG C? TTrT
546 1 T TACTOGGTAG CACATTATG C CATCATAGGG CCAI3GAC TCC AAGCAAAAGC A'7ALA~
5b521 GCTCAGAAAA GAGCAGCAGC GGGCAT CATO3 AAAAACCCAA c:"c;T eC; AG A.: iAA ,CAG..
5581 ATTO ACCTAG ATCCAATACC CTIATG'ATC-CA AAGTTTUAAA A, CAU I-GL 7000 AAAG T AA'D,
5_6,11 C-ICCTAGTCt' TCTGCGTG3AC TCAAGTGTTG ATGATGAGGA OTACATOC .1;TAi
5701 (3CTTTAACCT TAGOCGA:CC GCCTATCTCC ACiATTOT(,GG AAW;AAA,. ,_ ;,; ,V p"
5-761 TCIGAACACTA C CAT T -G. AGT GTC2AATGfCT AACATTT PTA G A6GG'A'3T, A CWC
5~2 8 :' ,CTGGACTTC TCT TTC(CA.T C:ATGAAGAAC ACAAC-CAACA 2'GA 3AA; 66.l
5881 ATAGGAGAGA CGCTTGGAGA 'O2AAAPFG(AAA AGCCGA'I"T, L ACUCATLi _:AAZoIA
.'941 TTCCAGATCT ACAAGAAAAG ' GAVATCC GAAGTLG._'A'A 2AACC'PTTA(;C AA.AA; , '

()CI ATITAAAAGAG GAUAAACGGA CCAI'CACGC,(T jOOT !'GCG'AG CCT CA:- CA A At C
06 TCG TCG A GA GAA-ATATGC;T CAiCA(C'CA6AA (GtGOAAC;TAC -,G GAC C i C ', 1 (-'A i A

'_.121 GGAGGCrGOT CAT. iCTATTG TGGGGGACTA AAG'AATGTAA GAGAAG2>_A f C T AA,-*A
t,131 AAAGGAGGAC CACGU'ACATG-'A AGAACCCATC CCCATGTCAA CAT A T G 3 6 A Ar'TA;_ T:,
624 1 CGTCTTCAAA GTGGAGTIGA CGT '"TT C TTC A CT C -GC CAG AiAAAGG'1" A '
£-,301 TGTGACATAG GGGAGTCG-'TC A CC1AAA TC CC A( GGTAGAA,& '"C3A GGAAC A. -F
6 3 61 'CTTALI-CTTAG TGGAAAATTCG GT GAACAAC AACACCCAAT rT1GCATAAA _'AA
6421 CCATACATGC CCTCAGTCAT AGAAAAAA'G GAAGCACTAC ' AAGGAAtillA F 'AC C

t6481 TTAGTGAGGA ATCCACTTTC ACGAAACTCC ACACATGAGA 7K 'TACTGuGV A'!i-",-AAt ,
6541 TCCGGGAACA TAGTGTCATfC AG1'GAACATG ATTTC;ACCA T3_TTGA'l -A CA(_' AT
6601 ATGAGACACA AGAAAGCCAC TTACGAGCC:A CA TG'IA G ACC' T CGG AAGCGG :ICA
6661 ATCGGAATTG AAAG TGAGAT ACCAAACCTA GACATAATC--G UGAAAAGAAI At.AAAAA'TI2
G 72 1 AAACAAGAGC' ATGAAACATC ATGOCACTAT GACCAAGACC: AC.CCATACAA AkACGT0CGC' i
6781 TACC-A'rGGCA G CTATGAAAC AAAACAAACT L3GATCAGCAT CATCCATGGT GAGA
6841 GTCAGACTG C TGACAAAACC TTGGGACGTC GTCCCCATGG TAACACAGAT GGCAATGAcii
6901 GACACGACTC CATTTGGACA ACAGCGCGTT TTTAAAGAAA AAGTGGACAC' GAGAACCCAA
6961 GAACCGAAAG AAGGCACAAA GAAACTAATG AAAATCACGG CAGAGTGGCT TTIUTGAAAGAA
70211 CTAGGGAAGA AAAAGACACC TAGGATGTGC ACTAGAGAAG AATTCACAAG AAAGGTGAGA
7081 AGCAATGCAG CCTTGGGGGC CATATTCACT GATGAGAACA AGTGGAAGTC GGCACGTGAG
7141 GCTGTTGAAG ATAGTAGGTT TTGGGAGCTG GTTGACAAGC AAAGGAATCTr CCATCITTGAA
72t : GGAAAGTGTG AAACATGTGT GTATAACATG ATGGGAAAAA GAGAGAAGAA GCTAGGGGAG
7261 TTCGGCAAGG CAAAAGGCAG CAGAGCCATA TGGTACATGT GGCTTGGAGC ACGCTTCTTA
7321 GAGTTTGAAG CCCTAGGATT CTTGAATGMA GATCACTGGT TCTCCAGAGA GAACTCCTTG
7381 AGTGGAGTGG AAGGAGAAGG GCTGCACAAG CTAGGTTACA TTTTAAGAGA CGTGAGCAAG
7441 AAAGAGGG

// Fig. 3
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Fig.4
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601l SLO VLGMALF LEEMLRTRVG TKHAl1LLVAV 1SFP VTL I T GN M FRI:,L GRV MV MVG-'ATrmTDD 1
661 GMGVTYLALL AAFKVRF'TFA AGLLLRKLT'- IKELMMTT IG i VL L QLT IP E TILELTDALA
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1141 KRYLPAI VRG A I FRGLRTL 1. LAPTF:V'VAAE MEEAL'RGLYP I YcTFA IRA:, i IT ; RE V'',L M
1201 CHATFTMR1LL SPVRVPNYNL I IMDEAiKFTLD I AS IAARGY I ;TRVEMGhAA GlYI"TJP I
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15 G1 TLNL.I l'EMGR LP TFMTUKAR DALDNLAVLi TALAGGRAYN HAL,,'ELY ETL RETLL-LLT .i
1621 TVTGGIFLFL MSGRGIGKMT LGMCCITASJ ILLWYA~h1lP HNI AA, 1ILE FFLIVL--IF'E
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2101 CDIGESSPNP TVEAGRTLRV LNLVENWLNN NTQFCIKVLNJ F'YMPSVIFK.m EALl&Fi-KYGG3A
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2341 LGKKKTPRMC TREEFTRKVR SNATLGTIFT DENKWKSARE AVEDSRFWEL VDKERNLHLE
2401 GKCETCVYNM MGKREKKLGE FGKAKGSRAI WYMWLGARFL EFEALGFLNE G'2;*LVLQRE-L
2461 EWSGRRIRAAQ ARLHFKRREQ ERG
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Fig. 7
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Cloning Strategy for the DEN2 E/NS1 regions
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Fig. 15
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Fig. 16

32



Fig. 17
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Fig. 18
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Fig. 20
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Fig. 21

-. E region 16
v EN2 QEGAM1HTALTGA-EIQMSSGNLIF- -C L,'CRLRMDKLQLi<GMSYSMCI'GK?1<VVKEIAETQHAGTIV-1RVQYEGDGSPC-K-P

F0EN2 82 FEIMDLEKRBVLGRLITVNPZVTEKDSPV1NI2ARPPFGDSYIXIGVEPGQLKLNNFKKGSSZGQMIETTMRGAK

DEN2 156 RMAILGDTAWDFGSWEECLTSIGKALEQVFGAIYCAAFSGVSVIMEILIGVIITWIGMNSRSTSLSVSLVLVGV
-~NSI rec-on

D:-"2 270 VTLYLGVMVQADSGCVVSNKELKCGSGirITDNVBTWTEQYKFQPESPSKLASAIQKABEEQICGIRSVTRL

DEN2 304 ENLMWKQITPELNflILSENEVKLTIMTGDIKGIMQAGKRSLQPQPTELKYSWKTWGKAKMLSTESEN 369

-- E region 
3

DEN2 P! FEIMDLEKRNVLGRLITVNlPIVTEKDSPVNI2AEPPFGDSYIIIGVEPGQLKLNWFKKGSSIGQ4IETTMRGAKRMAIL

D216: GDTAWflFGSWEECLTSIGKALHQVFGAIYGA.APSGVSWIMKILIGVI ITWIGMNSRSTSLSVSLVLVQVVTLYLGVMVQ
- NSi recion

,. '4. ADSCCVVSWKNKELKCGSGIFITDNVHTWTEQYKFQPESPSKLASAIQKAREEGICGIRSVTRLENLMWKQITPELNHI

E N2" 319 LSENUVKLTIMTGDIX 334

37



Fig. 22
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Fig. 23
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Fig. 24
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Fig. 25
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Fig. 26
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Fig. 27
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Fig. 28
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Southern Iybridizat:ons

Table I

DEN2 Clones PRP PVV9 -PVV I PVV 17 ____DEN2 Clones p P VV9 PVV I IoVV 17
B____I _ A3 ______

B2 _ _A4 +
B28 A6
B30 A7
1 I A8
22 AIO
23 All

33 B I

505 + B2
522 B3 +
523 + 85
524 ,B6
563 87 +
584 B I I +
614 B12
620 C2
621 _ C3
635I C4 + _
651 C5
660 C6 6
664 C8679 +CI O

706 CI + +860 +C2 +

817 + D2 +

56 + D4SlO D6
,520 D7

S25 D8 +531 D9
S32 D 10 +
S43 D1 2 +
S44 03 +
S46 05
548 G7 +
S49 + 08 +
S53 G9 +
$60 + +___ 4 010 +
S62 oil
S63 + + 012 +
$72 H I +
577 H2578 H3 +$10_ H7
S102 H8 +
S__ _ !_H9

A2 H11
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Table 2

Homology between DEN2:YF and DEN2:WNV

Coding Identical a.a. Total a.a. hregion

NS1 152 213 410 37 52

ns2a 26 25 160 16 16

ns2b 42 31 128 33 24

NS3 298 367 619 48 59

ns4a 102 123 286 36 43

ns4b 38 33 112 34 29

NS5 (parLal seq.) 308 326 526 59 62

46



Literature Cited

Brandt, W.E., Cardiff, R.D., and Russell, P.K. (1970). Dengue virions and antigen in brain

and serum of infected mice. J. Virol. 6, 500-506.

Castle, E., Leidner, U., Nowak, T., and Wengler, G. (1986). Primary structure of the West

Nile flavivirus genome region coding for all non-structural proteins. Virology 149, 10-26.

Dalgamo, L., Trent, D.W., Strauss, J.H., and Rice, C.M. 1986). Partial nucleotide sequence

of the Murray Valley encephalitis virus genome; comparison of the encoded polypeptides with

yellow fever virus structural and non-structural proteins. J. Mol. Biol. 187, 309-323.

Gray, M.R., Colot, H.V., Guarente, L., and Rosbash, M. (1982). Open reading frame

cloning: identification, cloning, and expression of open reading frame DNA. Proc. Natl. Acad.

Sci. USA 79, 6598-6602.

Henchal, E.A., Henchal, L.S., and Thaisomboonsuk, B.K. (1987). Topological mapping of

unique epitopes on the dengue-2 virus NS-1 protein using monoclonal antibodies. J. of Gen.

Virol. 68, 845-851.

Kyte, J., and Doolittle, R.F. (1982). A simple method for desplaying the hydropathic character

of a protein. J. Mol. Biol. 157, 105-132.

McAda, P.C., Mason, P.W., Schmaljohn, C.S., Dalrymple, J.M., Mason, T.L., and

Fournier, M.J. (1987). Partial nucleotide sequence of the Japanese Encephalitis virus genome.

Virology 156, 348-360.

Pustell, J., and Kafatos, F.C. (1984). A convenient and adaptable package of computer

programs for DNA and proteins sequence management, analysis, and homology determination.

Nuc. Acids Research 12, 643-655.

Rice, C.M., Lenches, E.M., Eddy, S.R., Shin, S.J., Sheets, R.L., and Strauss, J.H. (1985).

Nucleotide sequence of yellow fever virus: implications for flavivirus gene expression and

evolution. Science 229, 726-733.

Schlesinger, J.J., Brandriss, M.W. and Walsh, E.E. (1987). Protection of mice against

dengue 2 virus encephalitis by immunization with the dengue 2 virus non-structural glycoprotein

NS-1. J. Gen. Virol. 68, 853-857.

Yaegashi, T., Vakharia, V.N., Page, K., Sasaguri, Y., Feighny, R., and Padmanabhan, R.

(1986). Partial sequence analysis of cloned dengue virus type 2 genome. Gene 46, 257-267.

47



Personnel Supported from September 15. 1986 - Setenber 14. 1987

Personnel % Effort Months Period
in the reporting period

Research Associates
Dr. Yasuyuki Sasaguri 83 10 September 14, 1986-

July 15, 1987

Dr. Kamal Bittar 25 3 September-Dec. 1986

Dr. Gunwar Sripad 87.5 10.5 Nov. 1, 1986-
Oct. 31, 1987

Dr. Marutlin Mohan 37.5 4.5 May I, 1987-present

Dr. Koji irie 79 9.5 Jan. 1, 1987-present

Subtotal Months 37.5

Research Assistants
Dianne Vassmer 100 12 Sept. 15, 1986-

present

Karin Page 79 9.5 Nov. 30, 1986-
Subtotal Subtotal Months 21.5 Oct. 7, 1987

Graduate Student
Thaweesak Trirawataiapong 50 6 Sept. 15, 1986-

present

Laboratory Aide 34 4
L.R. Anderson (2.75%)
Tina Nguyen (6.25%)
Cindy Smith (25%) Sept. 15, 1986-

present

Principal Investigator
Radha K. Padmanabhan 35 4.2 Sept. 15. 1986-

present

Total 73.2
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